Fever is thought to be caused by endogenous pyrogenic cytokines, which are elaborated and released into the circulation by systemic mononuclear phagocytes that are activated by exogenous inflammatory agents and transported to the preoptic-anterior hypothalamic area (POA) of the brain, where they act. Prostaglandin (PG) E2 is thought to be an essential, proximal mediator in the POA, and induced by these cytokines. It seems unlikely, however, that these factors could directly account for early production of PGE2 following the intravenous administration of bacterial endotoxic lipopolysaccharides (LPS), because PGE2 is generated before the cytokines that induce it are detectable in the blood and the before cyclooxygenase-2, the synthase that they stimulate, is expressed. Hence other, more quickly evoked mediators are presumed to be involved in initiating the febrile response; moreover, their message may be conveyed to the brain by a neural rather than a humoral pathway. This article reviews current conceptions of pyrogen signalling from the periphery to the brain and presents new, developing hypotheses about the mechanism by which LPS initiates fever.
tiated after the iv injection of a pathogenic agent such as LPS significantly more quickly than COX-2 is synthesized, and, for that matter, faster than the appearance of cytokines in the circulation.
The purpose of this article is to review the current views and to present new, developing hypotheses about the mechanism by which systemic infectious pyrogens, in particular LPS, may act to produce fever.
Pathogenesis of Fever
When infectious microorganisms invade the body through its natural barriers, an array of systemic reactions promptly develops that mitigates the deleterious effects of the invading pathogens and, ultimately, restores health. These reactions represent the primary host defense response to infection; collectively, they are called the "acute-phase reaction." Fever is the most manifest and familiar among these early responses; indeed, it is the hallmark of infection. Specifically, the term "fever" describes the regulated rise in T c provoked by the invading organisms, their degradation products (exogenous pyrogens [ExP] ; e.g., LPS), or both. Functionally, this is accomplished by increases in metabolic heat production (shivering and nonshivering thermogenesis) and decreases in heat loss (cutaneous vasoconstriction and cessation of sweating or panting, if present), and by heat-seeking behaviors. (For more detail and references on the effector mechanisms of fever, see Blatteis [1] .)
It is now generally considered that an array of host-generated factors (endogenous pyrogens [EnP] ), rather than the primary ExP, mediate fever as well as most other components of the acute-phase reaction (reviewed in Kluger [2] ). These mediators are members of the class of immunoregulatory polypeptides termed "cytokines" that are produced by various cell types, but in the context of fever, are produced primarily by mononuclear phagocytes activated by the ExP. TNF-a, IL-1b, and IL-6 are considered to be the principal pyrogenic cytokines [3] . Because T c is regulated centrally, it has been assumed that these cytokines are released into the systemic circulation and transported to the preoptic-anterior hypothalamic area (POA, the brain region where T c is thought to be regulated; see the article by Boulant in this issue), where they act. Indeed, febrile responses are promptly evoked when EnP are microinjected into this site, and it is now generally accepted that thermosensitive neurons contained in this region modulate the thermoregulatory mechanisms that effect the development of fever [4] . An additional, more proximal mediator, PGE 2 , is thought to play an essential (if not the ultimate) role in the POA [5] .
Possible Peripheral Pyrogen-to-Brain Signaling Mechanisms
Cytokines. It is controversial, however, how circulating cytokines might reach the POA because as large, hydrophilic peptides, they are unlikely to cross the blood-brain barrier by simple diffusion. Although some researchers have concluded that cytokines may be actively transported across the blood-brain barrier [6] , the time and quantity of this passage are too slow and minimal to account for the rapid onset of fever, in particular after they are administered iv. About 16 years ago, we proposed that IL-1b, and presumably other cytokines too, may interact with sensory elements in or near the organum vasculosum laminae terminalis (a circumventricular organ in the medial POA that lacks a blood-brain barrier), thereby evoking secondary signals that transduce the bloodborne pyrogenic messages inwardly to the POA [7] . Since then, various scenarios have been proposed about the events that may consequently be triggered, such as intra-organum vasculosum laminae terminalis or POA production of cytokines, PGE 2 , or both. However, the exact nature of the signals for fever production remains uncertain. Because of their strategic location at the interface between blood and brain, cerebromicrovascular endothelial cells have lately been postulated to be the primary targets of circulating ExP, EnP, or both, releasing abluminally either additional cytokines, PGE 2 , or both [8, 9] ; perivascular microglia and meningeal macrophages may be similarly affected [10, 11] . The mediators that are so released are postulated then to affect by paracrine actions the activities of local thermosensitive neurons.
However, there are challenges to the various hypotheses about bloodborne cytokines communicating signals to the brain. These involve, in particular, the temporal discrepancy between the first detection of cytokines in the blood and the onset of the febrile response after the iv administration of LPS (or ip administration at higher doses) [12] . Indeed, the kinetics of the various synthetic processes involved are slower than the latency of fever onset, there being at a minimum a 30-min delay after the iv injection of LPS before the detection in blood exiting the liver (the major source of pyrogenic cytokines in response to LPS) of TNF-a [13, 14] , the first of the cascade of cytokines released by such stimulation. This may be compared with a delay of only 10-15 min until the beginning of fever after the iv injection of 2 mg of LPS/kg into guinea pigs [15] or 5 mg of LPS/kg into rats [16] . Moreover, it was recently shown that TNF-a may not have a role in the initiation of LPS fever in guinea pigs, but only in its maintenance [17] .
Hence, because the appearance of cytokines in the circulation lags the onset of fever after iv administration of LPS, it is difficult to envision how their levels in blood could provide the trigger for the febrile response under these conditions. But on the other hand, threshold concentrations of pyrogenic cytokines could be reached in the vicinity of their producing cells and activate appropriate local sensors, if they existed, well before these mediators were detectable in the general circulation. Indeed, the rapidity of the febrile response to iv administration of LPS would favor a neural rather than a humoral communication pathway between peripheral EnP and the POA. In support of this hypothesis, it was reported recently that local, abdominal sensory nerve desensitization by the ip administration of low doses of capsaicin inhibits iv LPS-induced fever in rats [18] . Furthermore, LPS injected into a subcutaneous air pouch (mimicking a localized subcutaneous inflammation) evokes rapid-onset fevers without associated, concomitant elevations in circulating cytokine levels [19] .
Because circulating LPS is cleared primarily by hepatic macrophages (Kupffer cells [Kc] ) [20] , it is conceivable that sensory nerves originating in the liver, in particular, may convey the released pyrogenic messages of these macrophages to the brain. In support of this hypothesis, we found that bilateral truncal subdiaphragmatic vagotomy abolished the febrile response of guinea pigs to iv LPS [21] . We therefore suggested that sensory vagal afferent nerves presumably distributed in the vicinity of the primary source of cytokine production: that is, Kc in this case may participate importantly in the transmission of peripheral pyrogenic signals to the brain. Since then, evidence contributed mostly by others [22, 23] (see the article by Romanovsky in this issue) has indeed supported the idea that vagal afferents have a role in LPS and IL-1b fever genesis.
However, cytokines do not exist in a preformed state in macrophages but are transcribed and translated upon LPS stimulation, a process longer than the short latency of the febrile response of guinea pigs to iv LPS at any dose or to ip LPS at doses higher than 16 mg/kg [12] . Therefore it would seem unlikely that Kc-generated cytokines could provide the signals that rapidly initiate the febrile response to an iv bolus of LPS. PGE 2 . An alternative candidate peripheral pyrogenic mediator is PGE 2 . It is synthesized by all macrophages, including Kc, in response to LPS; its level rises quickly in plasma after an LPS challenge; and its receptors are widely distributed on sensory neurons, including hepatic and abdominal vagal afferents [24] . It could therefore function as the direct activator of hepatic vagal afferents. Despite this, however, LPS is actually a weak trigger of arachidonic acid (AA) release; the free AA concentration is rate-limiting in PGE 2 synthesis. Indeed, the activation by LPS of group IV cytosolic phospholipase A 2 (cPLA 2 , the isoform of the enzyme that initiates the cascade of events leading to the production of PGE 2 from membrane phospholipids by macrophages) is significantly delayed in vitro [25, 26] compared with the prompt elevation of both preoptic and blood PGE 2 in vivo after iv administration of LPS [15, 27] . In fact, LPS and IL-1b both stimulate the increased production of cPLA 2 after some hours by inducing posttranscriptional modification and de novo synthesis [25, 26] . Moreover, the increased synthesis of PGE 2 by LPS-stimulated macrophages is entirely caused by the selective expression of COX-2, the transcription and translation of which require at least 1 h (reviewed in Herschman et al. [28] , Vane et al. [29] , and O'Banion [30] ). It would therefore seem improbable that the rapid appearance of PGE 2 in blood and brain, and hence the development of fever after iv administration of LPS, could be accounted for in this manner.
Complement System
It is possible that the intermediary of this process is some other factor that is very quickly elaborated in reaction to the presence of LPS and capable of inducing the rapid release of cytokines or PGE 2 by Kc. Such a factor might be one of the anaphylatoxins. Indeed, the intravascular complement (C) cascade is activated in almost immediate reaction to the presence of LPS via both the classical (the lipid A moiety of LPS) and alternative (the core oligosaccharide) pathways [31] , and Kc express the receptors for various C-derived components [32] . C3a induces the production and release of IL-1b by human monocytes in vitro, and C5a enhances the release of both IL1b and TNF-a by LPS-stimulated monocytes and macrophages [33] . Moreover, Kc very quickly release PGE 2 in response to C3a and to the membrane attack complex (C5b-9) [34] , whereas C depletion limits this release [35] . The C system has long been known to be activated by LPS, but apparently it has never before been considered in the context of LPS fever induction. We therefore considered whether the rapid onset of iv LPSinduced fever may be mediated by intravascular C activation by LPS and subsequent Kc stimulation by C fragments, as well as by LPS itself.
To test this hypothesis, we depleted guinea pigs of C by administering cobra venom factor [36] or temporarily eliminated the Kc by pretreating the animals with gadolinium chloride (GdCl 3 ) [37] and subsequently monitored the animals' febrile responses to LPS. The dynamics of T c increases are different after iv-administered and after ip-administered LPS [12] , and analysis of other data suggests that the fever caused by ipadministered LPS may be more vulnerable to the antipyretic effect of vagotomy than that caused by iv LPS [38] . Therefore, we investigated whether the C system may be involved in the febrile responses both to iv and ip LPS. We found [12] , unexpectedly, that the magnitude and course of the febrile responses to iv LPS were not demonstrably affected by C reduction, whereas the fevers caused by ip LPS were attenuated in direct correlation ( ) with the amount of C reduction r p 0.614 (figure 1).
The reason for this differential susceptibility to depression by iv and ip administered LPS was not evident. We speculate that it may be due to different functional and biochemical properties of peritoneal and hepatic macrophages [39] . Moreover, there is evidence that the activation of macrophages by LPS for synthetic responses may proceed by several pathways. Thus, whereas membrane CD14 and its associated Toll-like receptors 2 and 4 are the predominant LPS coreceptors on macrophages, their activation requires that LPS complexes to LPS-binding protein, which is present in normal plasma but normally scarce in plasma-free peritoneal and other fluids [40] . Indeed, it has been shown that only minimal amounts of LPS-induced cytokines and PGE 2 are released by macrophages in the absence of LPS-binding protein. If, then, LPS-CD14 interactions are not favored in the peritoneal fluid because of the lack of LPSbinding protein, and yet fever develops after administration of ip LPS, it may be surmised that a different signaling mechanism may activate peritoneal macrophages-one that, according to analysis of the present data, may be critically dependent on C. In support, we found that LPS delivered ip at 8 mg/kg caused per se a 40% reduction in serum C activity within 30 min after its administration-that is, in conjunction with the initial increase of T c that indicates C is activated and consumed soon after a pyrogenic LPS challenge and thus may indeed contribute to the development of the febrile response [12] . In further support, we recently found that congenitally C5-deficient mice fail to develop fever in response to ip-injected LPS, which implies that this C fragment is a factor in the febrile response to LPS [41] . Wild-type controls pretreated with cobra venom factor also did not exhibit fever after ip administration of LPS.
To verify the involvement of Kc in the process, we temporarily eliminated these cells by pretreating guinea pigs with GdCl 3 and injected fluorescein isothiocyanate-labeled LPS iv or ip into the conscious animals [42] . By use of confocal laser scanning microscopy, we examined their livers for accumulation of the label 15 and 60 min later. Granular fluorescent patches were detectable within presumptive Kc in the liver sinusoids 15 min and in hepatocytes 60 min after its iv administration; only normal autofluorescence was apparent in control animals that received fluorescein salt or LPS alone. Similarly, iv LPS induced an ∼1ЊC fall in the T c of the GdCl 3 -pretreated guinea pigs, in contrast to the characteristically biphasic ∼1.4ЊC fevers evoked in the control animals (figure 2). Analysis of these data therefore supported our proposition that LPS injected iv may induce fever within 15 min via a Kc-dependent process. However, no fluorescence was detected at either 15 or 60 min after ip-injected fluorescein isothiocyanate-LPS or fluorescein salt, although prototypic, slow-onset, monophasic fevers developed ∼32 min after ip LPS in both the GdCl 3 -untreated and GdCl 3 -pretreated animals. It would therefore appear that LPS in pyrogenic doses given ip may induce fever without binding to Kc. We presume-but have not yet verified-that peritoneal and lymph node macrophage uptake of ip LPS forestalled its systemic spread and thereby accounted for these results.
In contrast, we found that the fevers produced by iv or ip administration of muramyl dipeptide (a synthetic gram-positive bacterial cell-wall analog) and polyriboinosinic:polyribocytidylic acid (a synthetic viral double-stranded RNA analog)-that is, factors that reportedly induce fever through a cytokine-and PGE 2 -mediated process similar to that of LPS-are not C dependent [43] . The fever caused by iv administration of muramyl dipeptide was also not affected by subdiaphragmatic vagotomy [38] or GdCl 3 pretreatment [43] , indicating that its genesis may proceed by a different mechanism than that induced by LPS. Indeed, muramyl dipeptide may penetrate the brain directly and stimulate local production of IL-1b, PGE 2 , or both [44] . Thus, the mediating role of C appears to be specifically limited to the febrile response to ip administered LPS.
In short, the results to date are consistent with the hypothesis that pyrogenic doses of LPS delivered by the ip route rapidly . Horizontal bar, Duration of intrapreoptic microdialysis; f, time of injection; aCSF, means ‫ע‬ SE artificial cerebrospinal fluid, the intracerebral microdialysis perfusate; P3, the last of 3 consecutive 30-min PGE 2 collections during the stabilization period; T ci , average of the T c over the last 10 min before the injection of PFS or LPS. Numbers in parentheses indicate the number of animals. Based on data from [42] .
activate the C cascade and that at least one of the components generated, C5, contributes critically to the induction of the febrile response. We speculate that it causes the quick release by macrophages of a mediator or mediators capable of stimulating local neural sensory terminals that convey the pyrogenic message to the POA. The exact nature of the mediator or mediators thus released, however, remains to be elucidated. Because of the time constraints, it is probably not IL-1b at the beginning, even though its receptors exist within abdominal vagal paraganglia [45] . Alternatively, it has been suggested that it could be PGE 2 . Indeed, under these conditions, PGE 2 could be generated by the hydrolysis of membrane-associated phosphoinositide (PI, which has a high arachidonoyl chain content) by PI-specific phospholipase C (PI-PLC). AA production by PI-PLC is 10 times more rapid (within seconds) than AA production mediated by cPLA 2 . PI-PLC is activated by C, but not by LPS or IL-1b. Moreover, the subsequent conversion of this AA to PGE 2 is catalyzed in resident peritoneal macrophages by constitutive COX-1 (unpublished data). It could thus bind to its receptors (EP 3 R) [46] in the immediate vicinity of its source of production. Indeed, EP 3 R are expressed on sensory afferent nerves, where they mediate activation, and EP 3 R mRNA was also recently found to be induced in the nodose ganglion by systemic LPS and IL-1b [24] . Hence, PGE 2 released by peritoneal macrophages stimulated by LPS-activated C fragments could be the initial peripheral fever trigger. A problem with this hypothesis, however, is that in this case, COX-1 knockouts should be unable to develop fever in response to LPS-yet they do. Hence, it is alternatively possible that other (i.e., nonphagocytic) cell types responsive to C5 may be induced to secrete as-yet-unknown mediators.
PGE 2 and Fever
Much evidence has accumulated indicating that PGE 2 is the proximal mediator of fever (reviewed by Blatteis et al. [5] and Coceani [47] ). Thus, it is a potent hyperthermic agent, thought to act on thermoregulatory neurons in the POA; its level increases and decreases in this brain region in conjunction with the febrile course; and COX inhibitors (e.g., indomethacin) inhibit pyrogen fever in parallel with the reversal of PGE 2 synthesis. The level of PGE 2 in the blood increases promptly after the entry of microorganisms or after systemic administration of ExP or EnP [27] , but the general view is that the PGE 2 detected in brain is not derived from the blood but is produced directly in the brain [48, 49] (although some contradictory data exist [50] [51] [52] ). As reviewed above, there are many explanations of how bloodborne pyrogens may signal the brain and promote PGE 2 synthesis, but they are all still tentative. Therefore, the cell source and nature of the triggering mechanism that induces PGE 2 in the brain in response to systemic pyrogens, as well as its precise mode of action, remain unclear. Although the consensus implicates the barrier cells (i.e., cerebral microvascular endothelium, perivascular microglia, and meningeal macrophages) as direct targets of circulating LPS or IL-1b, the data must be interpreted with caution because of the temporal discrepancy between the latency of onset of the febrile response to iv LPS and the appearance of any cytokine in the circulation.
On the basis of our own work [21] and that of others (reviewed in Blatteis et al. [53] ), we have postulated that the pyrogenic message of peripheral LPS is conveyed very rapidly via vagal afferents to the nucleus tractus solitarius, where it passes to the A1/A2 noradrenergic cell groups, which transmit it to the anteroventral third ventricle (AV3V)/POA region via the ventral noradrenergic bundle. In support of this hypothesis, we have provided evidence that the norepinephrine released in this site [54] stimulates the local release of PGE 2 [55, 56] , thus presumably triggering the febrile response. PGE 2 is formed by the cleavage of membrane phospholipids by cPLA 2 , yielding AA. The released AA, in turn, is converted into the prostaglandin endoperoxides PGG 2 and PGH 2 by a 2-step reaction: cyclization and oxygenation by COX forms PGG 2 , and hydroperoxidation by hydroperoxidase yields PGH 2 . These 2 enzymes coexist in a single protein, prostaglandin H synthase. PGH 2 is then quickly isomerized to PGE 2 by PGE 2 isomerase. It is now well recognized that there are 2 isoforms of COX that differ in their tissue distribution and that are activated by distinct mechanisms. COX exists as a constitutive COX-1, localized to the endoplasmic reticulum, and an inducible COX-2, found more extensively in the nuclear envelope [57, 58] ; they are encoded by separate genes [59] , but the enzymes share 60%-70% homology [60, 61] . COX-1 is constitutively expressed in most cells; it is not affected by inflammatory mediators, and its basal activity is not altered by antiinflammatory glucocorticoids.
COX-2, on the other hand, is up-regulated by proinflammatory mediators in, among other cell types, stimulated, but not unstimulated, macrophages and endothelial cells; it is selectively down-regulated by anti-inflammatory glucocorticoids (reviewed by Vane et al. [29] and Herschman [62] ). COX-2, however, is also expressed constitutively in the brain [10, 11, [63] [64] [65] . It is located primarily in neuronal cell bodies and in dendritic spines (i.e., at sites where intercellular communication occurs) [11, 66, 67] ; but the data differ on whether it is also up-regulated by pyrogenic stimuli [10, [68] [69] [70] [71] .
Therefore it may be anticipated that COX-2 should have a major role in the brain in fever production. Indeed, it is now well documented that ExP (e.g., LPS) and EnP (e.g., IL-1b) activate COX-2 in vivo. For example, in recent studies, COX-2-like immunoreactivity [72] and COX-2 mRNA [10, 11, 73, 74] were found to be expressed in rat cerebral endothelial cells of capillaries and venules ∼1.5 h after ip administration of LPS and in perivascular microglia and meningeal macrophages ∼2.5 h after iv administration of LPS and IL-1b. In contrast, COX-1 expression was not affected anywhere in the brain by the peripheral administration of pyrogens. Moreover, treatment with specific inhibitors of COX-2 (NS-398, dimethyl furanone, celecoxib, and nimesulide, etc.) administered orally after iv administration of LPS [75] , or administered ip before administration of ip LPS [73, 76, 77] or IL-1b [78] , suppressed the febrile response but did not affect basal T c . These antipyretic effects were not different from those produced by conventional nonsteroidal anti-inflammatory drugs, which inhibit both COX-1 and COX-2. Finally, most recently, we found that COX-2 gene-deleted heterozygous (COX-2 ϩ/-) and homozygous (COX-2 -/-) mice were unable to develop a febrile response to ip and intracerebroventricularly (icv) administered LPS or IL-1b, whereas their COX-1-deficient analogs produced fevers not different from those in their wild-type counterparts (figure 3) [69, 78] . Guinea pigs pretreated with nimesulide similarly failed to increase their T c in response to LPS administered iv and icv [79] . It is noteworthy in this context that compared with their wild-type counterparts, COX-1 -/-and COX-2 -/-cells overexpress the alternate functional COX isozyme, as well as both basal and IL-1b-induced cPLA 2 , and consequently exhibit elevated PGE 2 biosynthesis [80] . Taken together, therefore, this infor- mation would seem to provide compelling support for the critical importance of COX-2 in fever genesis.
The temporal incongruence between COX-2 induction and fever onset would imply, however, that the prompt, pyrogeninduced elevation of POA PGE 2 cannot be accounted for by the inducible form of this enzyme, but rather by its constitutive form, which occurs only in brain neurons. Hence, the responses of the COX-2 gene knockout mice would suggest that the enzyme implicated in LPS-induced fever may be, first, "constitutive" neuronal COX-2, then "inducible" COX-2 in, presumably, the barrier cells (i.e., phagocytic and endothelial cells), although possibly also in neurons [64, 68, 81] . According to this interpretation, PGE 2 production after the addition of ExP or EnP could occur in the AV3V/POA region at 2 distinct times: an initial release within 30 min and a second, more protracted one lasting 2-4 h, the first increase in PGE 2 levels being COX-2 synthesis independent and the second mediated by de novo synthesis of COX-2.
It is of interest in this regard that lipid body-like structures have very recently been found in cultured, quiescent neurons [82] . These organelles, which contain COX-2, are rapidly inducible in leukocytes at sites of inflammation [83] ; as a ready source of AA, they are postulated to be a means of quickly up-regulating PGE 2 production [84, 85] . They are not seen in quiescent, nonneural cells or in COX-1-labeled cells [85] . The initiating afferent signal could be provided by norepinephrine or simply by synaptic excitation [66, 67, 86] . Hence, we hypothesize that the regulation of AV3V/POA PGE 2 synthesis for LPS-induced fever production may be determined by 2 successive mechanisms: an early one associated with the first febrile rise, involving norepinephrine-induced activation of the preexisting COX-2 isozyme in neurons, and a later one associated with the second febrile rise, requiring de novo COX-2 synthesis by macrophages, endothelial cells, or both. Importantly, it should be noted that the secondary increased production of PGE 2 is not associated with elevated preoptic norepinephrine levels; these decrease to control levels correlatively with the decline of the first febrile rise [54] .
Summary
Peripheral LPS appears to give rise to fever by a sequence of actions that begin in the periphery and may involve C consumption and as yet indeterminate mediator or mediators rap-idly released by macrophages, other C-responsive cells, or both. These may signal the brain initially via vagal afferent inputs that eventually reach the AV3V/POA via noradrenergic pathways. Here, the released norepinephrine may rapidly activate constitutive (neuronal) COX-2, thereby prompting the quick generation and release of PGE 2 and consequently the first of the 2 febrile increases in T c prototypically produced by iv administered LPS. The second febrile increase may be due to PGE 2 synthesized via the catalysis of inducible (barrier cells, most likely endothelial cells) COX-2, activated by IL-1b that is meanwhile produced in the brain.
Analysis of the available data also indicates that the signals that initiate fever may differ depending on the nature of the ExP (LPS, muramyl dipeptide, polyriboinosinic:polyribocytidylic acid, and by extension the original microorganisms from which these compounds are derived), its dose and route of administration (iv, ip, etc.), the time lapsed since its administration, and the species (and even the strain) under study. Many other data have also shown that the time of day, the ambient temperature, the age and sex of the challenged host, its nutritional and hydrational status, and many other factors influence febrile responsiveness. Indeed, the cytokine that may be the ultimate, predominant EnP that sustains the late-phase febrile response may be different and dependent or not on a PGE 2 -mediated mechanism. Thus the processes that underlie fever initiation and maintenance are multiple, different, and complex. Consequently, generalization from particular findings should be made only with great caution. Much more study is needed to resolve the many questions that remain.
